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We show that in a supernova core the longitudinal photon (plasmon) has a space-like dispersion
and Cerenkov absorption and emission of such photons is kinematically allowed. If the neutrino has
a non-zero magnetic moment, then helicity flipping Cerenkov absorption of a plasmon νL+ γ → νR
is the most efficient cooling mechanism of the supernova core, and this allows us to put a restrictive
bound on the neutrino magnetic moment µν < 0.7× 10
−13
µB .
It had been pointed out by Mohanty and Samal [1]
that the helicity flipping Cerenkov process νL → νR + γ
or γ + νL → νR could be an important cooling mech-
anism for the supernova core. Comparing the neutrino
emissivity by the Cerenkov process with observations of
SN1987A, a restrictive bound on the neutrino magnetic
moment was established. Subsequently it was pointed
out by Raffelt [2] that, this result was based on a nu-
merical error in the calculation of the refractive index of
the SN core and using the correct numbers it was shown
that the photons in a SN core do not have a space-like
dispersion relation, so the Cerenkov helicity flip process
would not occur.
Here we show that the earlier estimate of refractive
index was based on the thermodynamic formula for sus-
ceptibility which turns out to be invalid for real pho-
tons or plasmons even in the static limit. However an
analysis of the dispersion relations of plasmons in an
ultra relativistic plasma [3] shows that the longitudi-
nal photon (plasmon) has a space-like branch and there-
fore in such a plasma the Cerenkov radiation of a plas-
mon is kinematically allowed [4]. We compute the neu-
trino emissivity of SN core by the Cerenkov helicity flip
emission of a plasmon and subsequent escape of the νR.
We show that the observations of neutrino flux from
SN1987A put a constraint on the neutrino magnetic mo-
ment µν < 0.7× 10
−13µB.
The plasmon self energy diagram in a degenerate
plasma is given by [3]
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where µ˜e is the electron chemical potential which we
have assumed to be larger than me and T . The dis-
persion relation for the longitudinal propagating mode
w2− k2 = Re ΠL(k, w) is plotted in Figure 1. There is a
lower branch which is space like. It is true that, there is
also a large imaginary part of ΠL when w
2 < k2, which
means that this mode is Landu damped. However for our
application all we need is that there must be an emission
or an absorption of a plasmon accompanied be a neutrino
helicity flip.
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Fig. 1. Dispersion relation for the degenerate plasma
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Fig. 2. Plasmon refractive index as a function of fre-
quency in a supernova core.
So it is not essential for our application that plasmon
need to propagate far. Using this dispersion relation
we find that in a supernova core there is a range of fre-
quencies (0.3 − 50) MeV for which the refractive index
n = k/w > 1 as shown in Figure 2 and therefore plasmon
emission or absorption by the Cerenkov process is kine-
matically allowed in this range of plasmon frequencies.
The matrix element for the helicity flipping Cerenkov
1
process νL(p1)→ νR(p2) + γ(k) is
M = µν u¯(p2)σ
µνu(p1)
√
Zlǫµ(k, λ). (2)
The photon polarisation sum in the medium for the lon-
gitudinal part is given by
∑
λ
ǫLµǫ
L∗
ν =
(
1−
1
n2
)
uµuν +
(uµkν + kµuν)
n2w
, (3)
where uµ is the four velocity of the medium. The rate of
energy emission by this process is
S˙ =
µ2ν
16πE2
1
∫
(E1 − w)w
2dwZlf(n)(w − 2E1)
2 (4)
where f(n) = (n2 − 1)2/n2 and the wave function renor-
malisation factor Zl is given by [3]
Zl =
2
n2 +
3m2γ
w2 − 1
, (5)
where mγ = e
2µ˜2/3π2 is the effective photon mass in the
medium. The neutrino luminosity is given by
QνR = V
∫ ∞
0
4πE21dE1 fν(E1)S˙(E1), (6)
where fν(E1) is the distribution function of the neutrinos.
Taking the SN core volume to be V = 4.19 × 1018 cm3,
the electron chemical potential µ˜e = 280 MeV and the
neutrino chemical potential µ˜ν = 160 MeV [5] we obtain
the neutrino luminosity to be
QνR = µ
2
µ
(
1.45× 1061 MeV 4
)
, (7)
in terms of the magnetic moment of the neutrino. As-
suming that the entire energy of the core collapse is
not carried away by the right handed neutrinos i.e.,
QνR < 10
52 ergs/sec we obtain the upper bound on the
neutrino magnetic moment µν < 0.2 × 10
−11µB. This
is comparable to the bound (0.2 − 0.8) × 10−11µB ob-
tained [5] from the cooling of SN1987A by the helicity
flip scattering.
At high temperature the rate of Cerenkov absorption
process νL(p1) + γ(k)→ νR(p2) is much larger than the
Cerenkov emission. The cross section for the Cerenkov
absorption is given by
σ(p1, k) =
π
2E1w
δ((p1 + k)
2 −m2ν)|M|
2 (8)
where
|M|2 = µ2
(n2 − 1)2
n2
Zlw
2(2E1 + w)
2. (9)
The rate of energy carried away by νR is given by
QνR = V
∫
d3p1d
3kfν(p1)fγ(k)σ(p1, k)(E1 + w), (10)
where fν(p1) and fγ(k) are the distribution functions of
the incoming νL and γ respectively. The expression for
QνR can be written analytically as
QνR = V 2π
3µ2T 7
∫ ∞
0
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∫ x2
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dxg(x, y)Zl
×
(
1
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)(
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)
, (11)
where the function g(x, y) is defines as
g(x, y) = x2 (x+ y)(x+ 2y)2(n2 − 1)2 (12)
and x = w/T , y = E1/T are dimensionless quantities.
The x integration is carried over the range where n > 1
and the Cerenkov absorption is kinematically allowed.
Taking µ˜νL = 160 MeV, T = 60 MeV inside the super-
nova core [5] and doing the integral in Eq.(11) numeri-
cally we obtain the neutrino emissivity
QνR = µ
2
ν
(
1.1× 1064MeV 4
)
(13)
in terms of the neutrino magnetic moment. Using the
same constraint QνR < 10
52 erg/sec we obtain from
Eq.(13) the upper bound on neutrino magnetic moment
µν < 0.7× 10
−13µB (14)
This is two orders of magnitude lower than the earlier
bounds [5]. This shows that if the neutrino has a non-
zero magnetic moment then helicity flipping of the neutri-
nos by the Cerenkov absorption of plasmons is the most
efficient cooling mechanism in a supernova.
Helicity flipping process in various types of plasmas
have been studied using the quantum kinetic equation in
ref [6].
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